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(54) LASER ANNEAUNG SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser annealing system in 
which annealing is perfonned with excellent quality through a simple • 
an-angement 

SOLUTION: The laser annealing system comprises a pulse laser light 
source 1 generating first pulse laser light 2 having wavelength in visible 
region, and second pulse laser light generating means, i.e., a nonlinear 
optical element 10, for converting the wavefomri of a part of the first pulse 
laser light 2 and delivering a second pulse laser light 6, while is a second 
harmonic having wavelength in the ultraviolet region, while superposing 
on the first pulse laser light 2 coaxially therewith wherein an article 9 is 
irradiated with the first and second superposed pulse laser lights 2, 6. 
The article 9 is irradiated such that the irradiating region of the first pulse 
laser light covers the irradiating region of the second pulse laser light. 
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Detailed Description of flie Invention] 
0001] 

Field of the Invention] This invention relates to the laser annealer used for die conductive improvement by the formal 
>f melting polycrystal of an amorphous silicon, and recrystallization of die ITO (IndiumTin Oxide) film etc. 
0002] 

Description of the Prior Art] As an example of the conventional laser annealer, the laser annealer shown in JP,56- 
^9323, A is knowiL Dravying 10 is the block diagram showing die configuration of the convmtibnal laser aimeal^ sho' 
n JP,56-29323,A. In drawing, the ptdse laser light source 1 which is Q switch solid state laser generates the 1st pulse 
Bser h'ght 2 which is the fundamental-wave Ught pulse-ized by the Q switch. A beam splitt^ for 3 to branch the optici 
>ath of the 1st pulse laser lig^t 2 to a 2-way, The delay optical syston which extends one optical path among the 1st p 
aser light 2 to which 4 branched to the 2-way by the beam splitter 3, The optical frequency mtdtiplier witti which 5 
carries out multiplying of the optical frequency of the 1st pulse laser light 2, and 6 are 2nd pulse laser light which is th 
ligher-harmonic Ught which carried out multiplying of the optical frequency of anodic [ which branched by die beam 
flitter 3 ] 1st pulse laser light 2 with the optical frequency multiplier 5. As for die dichroic beam spUtter which 7 
penetrates the 1st pulse laser Ught 2 which is the fimdamental-wave Ught of 45-degree incidence, and reflects the 2nd 
pulse laser Ught 6 which is the higher-harmonic-wave Ught of 45-degree incidence, and 8, convergent radiotherapy op 
system and 9 are irradiated samples. 

[0003] Next, actuation is explained. The pulse laser Ught source 1 generates the 1st pulse laser Ught 2 which is the 
fimdamental-wave Ught pulse-ized by the Q switch. The 1st pulse laser Ught 2 which carried out outgoing radiation of 
pulse laser Ught source 1 branches to a 2-way by the beam spUtter 3. Incidence of the 1st pulse laser Ught 2 which 
penetrates a beam spUtter 3 is carried out to the delay optical system 4, it carries out outgoing radiation from the delay 
optical system 4 with a fixed time lag, and reaches the dichroic beam splitter 7. On the other hand, incidence of the Is': 
pulse laser Ught 2 reflected in die direction of a right angle is carried out to die optical frequency multipUer 5, a part o: 
pulse lasCT U^t 2 is changed into the 2nd pulse laser Ught 6 to which multiplying of the optical frequency was carried 
by the beam spUtter 3, and it reaches the didux>ic beam spUtter 7 by it Since die dichroic beam spUtter 7 is formed so 
it may reflect to the 2nd pulse laser Ught 6 which is the higher-harmonic Ught of transparency and 45-degree incidenc< 
die 1st pulse lasCT Ug^t 2 of 45-degree incidence. The optical path of the 2nd pulse laser U^t 6 to which multiplying c 
die optical frequency was carried out by the 1st optical path and optical frequency multipUer of die pulse laser light 2 
delayed according to the delay optical system 4 is compounded, and incidence of both the 1st pulse laser Ught 2 and H 
2nd pulse laser Ught 6 is carried out to the convergent radiotherapy optical system 8. According to the convergent 
radioth^^y optical system 8, bofli the 1st pulse laser Ught 2 and die 2nd pulse laser Ught 6 are adjusted so that a . 
condensing pattern niay have consistaicy to the exposure field of the irradiated sample 9, and they irradiate the irradis 
sample 9. In addition, the time lag brought to the 1st pulse laser Ught 2 according to the delay optical system 4 is set u 
diat it may become more dian die time amount width of face for two pulses of die 1st pulse laser Ught 2 which is 
fundamental-wave Ught at least 
[0004] 

[Problem(s) to be Solved by the Invention] The conventional laser aimealer was constituted as mentioned above, and 5 
it had the optical path from which fimdamental-wave Ught and higher-harmonic Ught differ, the technical problem tha 
diere were many equipment configuration elements, such as an optic, and equipment cost became expensive occurred 
Moreover, since there are not only many equipment configuration elements, but need to compound the optical path wl 
once branched again correcfly, they are that optical-path adjustment is compUcated and technical-problem ******[ it 
difficult and ] that maintenance nature is low. 
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0005] Moreover, it not only becomes me cause of cost increase, but [ since delay op ucal system is separately establisl 
or timing adjustment with a fundamental wave and higher-harmonic tight, ] since it was necessary to adjust the timing 
. imdamental-wave Ug^it and higher-harmonic tight actively, the adjustment element of equipment increased and the 
echnical problem that it became the cause of a maintenance nature fall occurred. 

0006] Moreover, the technical problem that tiiere were very many optical el^nents which will be passed by the time t 
imdamental-wave tight which carried out outgoing radiation of the Q switch sotid state laser results to an irradiated 
ample by branching of an optical path or installation of delay optical system, and die use effectiveness of a las^ bc^ 
fell by the optical loss in each optical element occmred, 

0007] Moreover, since the fundamental-wave tight which was not changed into higher-harmonic-wave tight in the opi 
bequency multipUer penetrated without a rig^t angle bending in die direction of the irradiated sample 9 in the dichroic 
leam spUtter 7, it occurred [ the technical problrai that it became the cause of laser beam use degradation ]. 
0008] Moreover, since the fundamental-wave tight of Q switch sotid state laser usually had wavelength in an infrared 
egion, when anneating using siticon as an irradiated sample was p^formed, die fundamental-wave absorption-of-tig^i 
nultipUer was vCTy low, without having most thermal effects to an irradiated sample, the irradiated sample was reflect 
m transparency or an irradiated sample front face, and the technical problem that it was difficult to perform effective 
tnneating occurred. 

0009] This invmtion was made in order to solve such a technical problmi, and it aims at obtaining the laser annealer 

vhich can perform annealing which was exceUent in quatity with an easy configuration. 

0010] 

Means for Solving the Problem] A 1st pulse laser light generating means by which die laser anneals concOToing this 
nvention generates the 1st pulse laser tight which has wavelength in a visible region. Incidence of the 1st pulse laser li 
s carried out, and it carries out wavelength conversion of a part of 1st pulse laser tight It has the 2nd pulse laser tight 
generating means which an ultraviolet area is made to superimpose the 2nd pulse laser tight which has wavelength on i 
1st pulse laser light and the same axle, and carries out outgoing radiation to it, and enables it to irradiate the 1st pulse 1 
ight and the 2nd pulse laser tight on which it was superimposed at an irradiated object. 

001 1] As for the laser amxealer concerning this invention, the 2nd pulse laser light generating means is characterized 1 
jenorating 2 double higher harmonic of the 1st pulse Ibscc tight 

0012] The laser annealer concerning this invention is characterized by the 1st pulse laser tight generating means beinj 
he sotid state laser which generates the 2nd higher harmonic as 1st pulse laser tight, using a sotid-state component as j 
ictive medium. 

0013] The laser annealer concerning this invention is characterized by being the solid state laser which the 1st piilse h 
ight generating means equipped with a resonator internal wave length conversion means to generate the 2nd higher 
larmonic as 1st pulse laser tight. 

0014] The laser annealer concerning this invention is characterized by the 1st pulse laser tigjit generating means beinj 
he sotid state laser pulse-ized by the Q switch which generates the 2nd higher harmonic wave as 1st pulse las^ tight. 
0015] The laser annealer concerning this invention condenses the 1st pidse laser tight and the 2nd piilse laser tight on 
tvhich it was superimposed, and is made to irradiate an irradiated lifter, its exposure field of the 1st pulse las^ tight is 
larger than the exposure field of the 2nd pulse laser tight, and the exposure field of the 2nd pulse laser tight is 
characterized by having a condensing means to make it located in the exposure field of the 1st pulse laser tight 
:0016] 

^Embodiment of the Invention] gestalt I . of operation — the block diagram showing the configuration of the lasCT anne 
ivhich is the gestalt of implementation of this invmtion is shown in drawing I . In drawing I , the same sign as drawin 
LQ shows the same part or the considerable part among drawing. In drawing 1 , the pulse laser tight source 1 is 1st pul? 
laser luminescence means which generates the 1st pulse laser light 2 which has the wavelength of a visible region. In f 
Dptical path of the 1st pulse laser tight 2, the nonlinear optical elanent 10 which is the 2nd pulse laser tight generating 
means which carries out wavelength conversion of a part of 1st pulse laser light, is made to superimpose the 2nd pulse 
\Bser tight which has wavelength in an ultraviolet area on die 1st pulse laser tight and the same axle, and carries out 
outgoing radiation is estabUshed. Between the pulse laser light source I and a nonlinear optical element 10, the 1st pul 
laser light 2 is condensed, the optical reinforcement of the 1st pulse laser tight 2 at the time of the incidence of a nonlij 
Dptical element 10 is raised, and the condenser lens 1 1 for aiming at improvement in the wavelength conversion effici< 
lo ultraviolet radiation is formed in it Between a nonlinear optical element 10 and the irradiated sample 9 which is an 
irradiated object The beam diameter and beam divergence angle of the bend mirror 12 which bends the travelling 
lirection of the 1st pulse laser tight 2 which carried out outgoing radiation from the nonlinear optical element 10, and * 
2nd pulse laser tight 6 at a right angle, the 1st pulse laser tight 2, and the 2nd pulse laser tight 6 The beam adjustmrat 
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>ptical system 13 for adjusting and ttL-T^st pulse laser light 2, and the 2nd pulse lase/Z^t 6 are condensed It can adju: 

0 that the condensing pattern may have consistency to the exposure field of the irradiated sample 9, and the converger 
adiothmipy optical system 8 which is the condensing means which can irradiate the irradiated sample 9 is formed in tl 
erial toward the travelling direction of the 1st pulse laser light 2 and the 2nd pulse laser ligjit 6. The irradiated sample 
Qstalled on a stage 14, and can be moved now to the upper and lower sides and right and left by the stage 14. 

0017] Using an Ar ion laser with an oscillation wavelength [ in a visible region ] of 515nm, liie pulse laser ligjht souro 
»f the gestalt of implementation of this invention is pulse-ized with a Q switch, and is generating the 1st pulse laser lig 

In case the beta-BBO (beta-BaB 204, beta barium borate) crystal is being used for a nonlinear optical element 10, 
Qcidence of the 1st pulse laser light 2 which is light v/ith a wavelength of 5 1 5nm is carried out and the 2nd pulse laser 
ig^ht 6 ^^ch is 2 double higher harmonic of the 1st pulse laser light 2 is generated, the firont fece of a beta-BBO crysts 
ut so that phase matching conditions may be fulfilled. Therefore, the 2nd pulse laser Ught 6 turns into ultraviolet 
adiation with a wavelength of 258nm. Moreover, although not shown in drawing, the adjustment device according to 
emperature and an installation include angle is prepared in the nonlinear optical element 10. The irradiated sample 9 h 
he amoiphous silicon film, by irradiating a laser beam, carries out melting recrystallization and forms the polish recon 
ihn. 

0018] Next, actuation is explained. It is condensed with a condenser lens 1 1 and incidence of the 1st pulse laser U^t I 
vhich carried out outgoing radiation of the PAL fiiction mark 1 the ligjit source 1 is carried out to a nonlinear optical 
element 10. Since the nonlinear optical element 10 is omitted so that phase matching conditions may be fiilfiUed at .the 
ime of 2 double harmonic generation as motioned above, wavelragth convCTsion is carried out to 2 double higher 
larmonic, and a part of 1st pulse laser lig^t 2 which carried out incid^ce to the nonlinear optical element 10 turns intc 
he 2nd pulse lasOT ligjit which has wavelength in an ultraviolet area. Since the 2nd pulse laser light is generated in 
iccordance with the optical path of the 1st pulse laser Ught 2, if a gap of the travelling direction by walk-off is 
lisregarded, it can be consid^ed that the 2nd pulse laser light 6 is what is generated on the same axle of ttie 1st pulse I 
ight2. 

0019] The 1st pulse laser light 2 and the 2nd pulse laser hght 6 which carried out outgoing radiation of tfie nonlinear 
>ptical element 10 are bent by the right angle by the same bend mirror 12, and carry out incidence to the beam adjustm 
>ptical system 13. The beam adjustment optical system 13 reduces a beam divergence angle while it consists of two or 
nore cylinder convex lenses and cylinder concave lenses and expands the beam diameter of the 1st pulse laser Ught 2 5 
he 2nd pulse laser Ught 6. 

0020] The 1st pulse laser light 2 and the 2nd pulse laser Ught 6 which carried out incidence to the convCTgent 
•adiotherapy optical system 8 are condensed by the line. Here, since wavelength differs, the 1st pulse laser Ught 2 and i 
Ind pulse laser Ught 6 produce chromatic aberration, and condensing points differ. In the gestalt of this operation, the 
leigjht of the irradiated sample 9 is adjusted by the stage 14 so that the condensing point of the 2nd pulse laser U^t 6 
vhich has wavelength in an ultraviolet area may be located on the irradiated sample 9. Therefore, the 1st pulse laser Uf 

1 is in the condition which is not condensed enough, and the 2nd pulse laser light 6 irradiates the irradiated sample 9 ir 
he condition of having been condensed. 

;0021] Drawing 2 thru/or drawing 4 are graphs which show time amount change of the optical reinforcement of the 1st 
5ulse laser Ught of the laser axmealer concerning the gestalt of implementation of this invention, or the 2nd pulse laser 
ight In drawing, the unit of the axis of ordinate which shows optical reinforcement uses the unit (arfoitraryunit) of 
ubitration. Drawing 2 shows time amount change of the optical reinforcement of the 1st pulse laser Ught 2 before 
carrying out incidence to a nonlinear optical element 10, drawing 3 shows time amount change of the optical 
•einforcement of the 1st pulse laser Ught 2 after carrying out incidence to a nonlinear optical element 10, and dravying ^ 
shows time amount change of the optical reinforcement of the 2nd pulse laser Ught 6 generated in the nonlinear optical 
element 10. In the gestalt of this operation, since laser is pulse-ized using a Q switch, the optical reinforcement of the 1 
)ulse laser Ught 2 in front of nonlinear optical element 10 incidence starts quickly, and shows the wave which decrease 
jently-sloping after maximum Ught attainment on the strength. Therefore, the time amount location at the time of 
naximum light attainmrat on the strmgth is located in the first half of a pulse period wave in which time amount chan 
>f the optical reinforcement of the 1st pulse laser Ught 2 is shown. 

0022] The 2nd pulse laser Ught 6 is 2 double higher harmonic of the 1st pulse laser Ught 2, and the wavelength 
x>nversion efficiency to 2 double higher harmonic at the time of generating this 2 double hi^er harmonic is proportioi 
o the square of the optical reinforcement of the wavelength-ed conversion Ught (here 1st pulse laser light 2) which car 
>ut incidence to a nonlinear optical element 10 theoreticaUy. Therefore, in drawing 2 , in the 1st pulse laser Ught 2 whi 
carries out incidoice to a nonlinear optical element 10, the light near die maximum Ught reinforcement has the high rat 
changed into 2 double higher harmonic compared with other fields, and the rate that the Ught of the field where optical 
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reinforcement is low is changed intoC-^ouble higher harmonic becomes low. Conse^^ntly, the time amomit wave of 
1st pulse laser light 2 after nonlinear optical element 10 outgoing radiation becomes remarkable [ the optical strength 
:eduction near the maximum ligjht reinforcement ] compared with the time amount wave before nonlinear optical elem 
10 incidence, and appearance top full width at half maximum becomes long. In the gestalt of this operation, the foil wi 
It half maximum of the 1st pulse laser light 2 is before and after nonlinear optical element 10 passage, and becomes Ic 
vith about (R> drawing 2 2 reference) 70 to about (refer to drawing 3 ) 120ns. 

0023] Since the optical reinforcement of the 2nd pulse laser lig^it 6 which is 2 double higher harmonic of the 1st pulsi 
aser Ught 2 is proportional to the square of the optical reinforcement of the 1st pulse laser Ught 2 as mentioned above, 
ime amount wave of the optical reinforcement of the 2nd pulse laser Ught 6 turns into a wave as which the height of ti 
optical reinforcement of the 1st pulse laser light 2 in front of nonlinear optical element 10 incidence was emphasized, . 
shown in drawing 4 . Consequently, the pulse period width of face of the 2nd pulse laser Ught 6 is short compared wit] 
h& pulse period width of face of the 1st pulse laser Ught 2. Moreover, since the may imnm Ught reinforcement of the 2 
Dulse laser Ugjit 6 is equivalent to flie maTcimum Ugjit reinforcement of flie 1st pulse laser Ught 2, the 2nd pulse laser U 

5 is located in time in the first half of tiie 1st pulse laser Ught 2. In the gestalt of this operation, the foil width at half 
naximum of the 2nd pulse laser Ught 6 is about (refer to drawing 4 ) 20ns to the foil width at half maximum of the 1st 
pulse laser Ught in front of nonlinear optical elraient 10 incidence being about (referring to drawing 2 ) 70ns. 
[0024] In the gestalt of this operation, about 10% of the 1st pulse laser Ught 2 is changed into the 2nd pulse laser Ught 
Fhe focal distance and instaUation location of a condaiser lens 1 1 can adjust the conversion rate from the pulse laser I 
I to the 1st pulse laser Ught [ 2nd ] 6. That is, since the incidence reinforcement of the 1st [ to a nonlinear optical elem 
10 ] pulse laser Ught 2 changes by changing die focal distance and installation location of a condenser lens 11, the 
x>nversion rate from the pulse laser UgJit 2 to the 1st pulse laser Ught [ 2nd ] 6 is adjusted. 

[0025] The beam pattern which is the exposure field of the 1st pulse laser Ught 2 and the 2nd pulse laser Ught 6 on the 
irradiated sample 9 of the laser annealer concerning the gestalt of implemmtation of this invention is shown in drawin 
\n drawing, among drawing, the exposure field (beam pattem) 35 of the pulse laser Ught of**** 1 is larger than the 
exposure field (beam pattem) 36 of the 2nd pulse laser Ught 6, and the exposure field 36 of the 2nd pulse laser Ught is 
xmdensed so that it may be located in the exposure field 35 of the 1 st pulse laser UgJit 2. 

[0026] The 2nd pulse laser light 6 is 2 double higher harmonic of the 1st pulse laser Ught 2, and since wavelength difiG 
the 1st pulse laser Ught 2 and the 2nd pulse laser Ught 6 can obtain easily the exposure field (beam pattem) of flie 1st p 
laser light 2 shown by drawing 5 , and the 2nd pulse laser Ught 6. That is, since the usual optical material has the 
distribution from which a refractive index differs with wavelength, if the convergent radiotiierapy optical system 8 is 
constituted using a single optical material, the chromatic aberration from which a condensing location differs with 
wavelength wiU occur. For this reason, if the irradiated sample 9 is installed in the condensing location of the 2nd puis 
lasCT light 6, the irradiated sample 9 wiU shift fit>m the condensing location of the 1st pulse laser Ught 2 inevitably, anc 
the exposure field of the 1st pulse laser Ught 6 on the irradiated sample 9 wiU become the blurred thing. Consequently, 
drawings shows, the exposure field 36 of the 2nd pulse laser light 6 is lapped and formed in the exposure field 35 inte 
of the 1st pulse laser Ught 2. 

[0027] Drawing 6 thru/or 8 are graphs which show the result of having calculated time amount change of the temperat 
of the same amorphous silicon film which is the irradiated sample which irradiated the 1st pulse laser light 2 of a laser 
annealer or the 2nd pulse laser light 6 concerning the gestalt of implementation of this invention. Drawing 6 shows tin: 
amount change of flie temperature of the irradiated sample 9 at the time of irradiating only the 1st pulse laser Ught 2 af 
nonlinear optical element 10 passage at the irradiated sample 9. Drawing 7 shows time amount change of the temperat 
of the irradiated sample 9 at the time of irradiating only the 2nd pulse laser Ught 6 at the irradiated sample 9, and draw 
8 superimposes the 1st pulse laser Ught 2 and the 2nd pulse laser Ught 6, and shows time amount change of the 
temperature of the irradiated sample 9 at the time of irradiating the irradiated sample 9. Since the 1st pulse laser Ught 2 
and the 2nd pidse laser Ught 6 result fixim a nonUnear optical element 10 to the irradiated sample 9 through both the sa 
optical paths in the gestalt of this operation. The timing of the 1st pulse laser Ught 2 at the time of the 2nd pulse laser 1: 

6 generating [ in / in the timing of die 1st pulse laser Ught 2 at the time of superimposing both and irradiating die 
irradiated sample 9 and the 2nd pulse laser Ught 6 / a nonlinear optical element 10 ] and the 2nd pulse laser Ught is 
maintained. Therefore, as drawing 3 and drawing 4 showed, the 2nd pulse laser Ught 6 of about 20ns of fidl width at h; 
maximimi is located in time in the first half of die 1st pulse laser li^t 2 of about 120ns of fidl width at half maximum. 
[0028] The 2nd pulse laser Ught of an absorption coefficient [ as opposed to amoqihous siUcon in about / 1.0x1 06cm - 
one ] is [ the absorption coefficient of the amoiphous silicon whose absorption coefficient of the amorphous siUcon wl 
is the irradiated sample 9 in the wavelength of 515nm of die 1st pulse laser Ught 2 is the irradiated sample 9 in the 
wavelength of 258nm of about / 1.0xl05cm - / 1 and flie 2nd pulse laser Ught 6 ] larger a single figure. Here, the depth 
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enetration of the light to the matter D\^mes so shallow that the absorption coefBcieaa/of the matter becomes large. F< 
lis reason, compared with the great portion of 2nd pulse laser light 6 being absoibed by the amorphous silicon film 
/hich is the irradiated sample 9, there are few rates that the 1st pulse laser light 2 is absorbed in the amorphous silicon 
ihn. 

3029] As shown in drawing 6 , the tCTiperature of the irradiated sample 9 at the time of irradiating only the 1st pulse L 
ght 2 As shown in drawing? , when only the 2nd pulse laser lig^t 6 is irradiated to having changed to reduction, widi 
^mperature's rising comparatively gently with exposure initiation, and reaching the melting point Temperature rose 
uickly from immediately after exposure initiation, and it resulted in the melting point of the irradiated sample 9, and f 
bout 30 - 40ns, after maintaining the constant temperature near the melting point, it has changed to decreasing. Since i 
nd pulse las^ light 6 has the large absorption coefficient to an amorphous silicon, when the 2nd pulse laser lij^t 6 is 
rradiated at the irradiated sample 9, most amorphous silicons in the exposure field 36 of the 2nd pulse laser ligbt 6 
ransfer it to the liquid phase. When ordy the 2nd pulse laser light 6 is irradiated, it is based on the latent heat of an 
morphous siUcon that constant temperature is maintained near the melting point Moreover, as shown in drawing 8 , 
«4ien the 1st pulse laser ligjtit 2 and 2iid laser beam 6 are superimposed and are irradiated, the constant-temperature 
i^ist^ce time near the melting point increases sharply compared widi the case where only the 2nd pulse laser light 6 
rradiated, and the temperature near the melting point is maintained for about ISOns. This is because dissipation of the 
leat produced in absorption of the 2nd pulse laser light 6 was compensated effectively, when the irradiated sample 9 
bsorfos the 1st pulse laser light 2 with long pulse period width of face. 

0030] The fiised amorphous silicon film starts coagulation with dissipation of heat Under the present circumstances, i 
•rystal grows up the silicon which remained witiiout fiising completely by laser beam exposure to be a nucleus. For tfai 
eason, the amorphous silicon film fused by laser beam exposure changes to the polish recon film with which granular 
ilicon single crystals gathered. The poUsh recon film has large electron mobility compared with tiie amorphous siUcor 
ihn, and the transistor formed by polish recon has a remarkably quick working speed compared witii what was formed 
vith the amorphous silicon. The probabiUty for the trap of the electron to be carried out in a grain boimdary becomes I 
ind electron mobiUty becomes high, so that the particle size of silicon crystal grain becomes large. Therefore, in order 
brm the polish recon film which has high electron mobility, it is necessary to grow up the silicon crystal grain of the 
liameter of a large drop in the case of the melting recrystallization by laser beam exposure. \ 
003 1] It grows within a temperature fixed period [ / near the melting point ] until the amorphous silicon film reaches t 
nelting point and the whole silicone film solidifies siUcon crystal grain by dissipation of heat. Therefore, if a temperat 
ixed period becomes short, crystal grain carmot fuUy grow but the particle size of the crystal grain in polish recon will 
)ecome small. For this reason, it becomes an important technical problem for forming the poUsh recon film of high 
;lectron mobiUty how a temperature fixed term question [ / near the melting point ] is kept long. 
0032] On the oth^ hand, when superfluous energy is supplied to the amorphous silicon film which is the irradiated 
:ainple 9, the temperature of the irradiated sample 9 exceeds the melting point greatly, and an amorphous silicon is fiis 
X)mpletely. In this case, in order that the nucleus at the time of recrystallization may not remain, crystal grain is genen 
JO much. Consequentty, crystal grain caimot become small and the polish recon film which has high electron mobility 
:annot be obtained. 

0033] When an absorption coefficient irradiates the 2nd pulse laser light 6 which has wavelength in an ultraviolet are^ 
pieafly to the irradiated sample 9 according to the gestalt of this operation The amorphous silicon which is the irradiate 
»unple 9 is heated to the melting point at a stretch. Since the absorption coefficient to the irradiated sample 9 
luperimposes the 1st pulse laser light which has wavelength in the small visible region whCTC pulse period width of fac 
ong on the 2nd pulse laser ligjbt 6 and irradiates it to an irradiated sample compared with the 2nd pidse laser light 6 
dissipation of the heat generated in the irradiated sample 9 by the 2nd pulse laser light 6 can be compensated with the 
leat generated in the irradiated sample 9 by the 1st pulse laser Ught 2, and a temperature fixed period near the melting 
)oint can be extended effectively. Consequenfly, the diameter of crystal grain can form the pohsh recon film which ha 
he high electron mobility more than 200cmA^ by 1 micrometers or more. 

0034] Moreover, when the 1st pulse laser light 2 which has wavelengtti in a visible region, and the 2nd pulse laser ligl 
vhich has wavelength in an ultraviolet area are superimposed, the irradiated sample 9 is irradiated and it aims at extCTii 
)f a temperature fixed period near the melting point, the die lengjth of a temperature fixed period changes with the 
exposure timing of the 1st pulse laser ligjht 2 and the 2nd pidse laser light 6 a lot. Th^efore, when the 1st pulse laser U| 
I and the 2nd pulse laser tight 6 are generated using the light source which became independent, respectively, it is 
lifficult to form in stability the polish recon film which always has a fixed property by the jitter at the time of both Ugl 
x>urce actuation eto. 

0035] However, since according to the gestalt of this op0:ation wavelength conversion is performed using a nonlinear 
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ptical element 10, ultraviolet radiatioiiis generated to the 1st pulse laser light 2 wliiLiflias wavelength in a visible regi 
nd it is used as 2nd pulse laser light 6, the graierating timing of the 1st pulse laser Ught 2 and the 2nd pulse lasCT light < 
an always be kept constant. Moreover, since it graerates on the 1st pulse laser light 2 and the same axle in a nonlinear 
ptical elemrat 10 and the 1st pulse laser light 2 and the 2nd pulse laser light 6 are transmitted Scorn the nonlinear optic 
lement 10 to the irradiated sample 9 through the same optical path, the 2nd pulse laser Ught 6 can always keep constai 
ae exposure timing of the 1st pulse laser Ught 2 on the irradiated sample 9, and the 2nd pulse laser Ught 6, witiiout 
stabUshing an adjustm^t device s^arately. 

[)036] Moreover, in the gestalt of this operation, 2 double harmonic generation is used as a wavelength conversion me 
3 generate the 2nd pulse laser Ught 2. Since one kind is sufficient, the optical path of wavelength-ed conversion Ught a 
djustment of a beam diameter are easy, and, as for the wavelragth-ed conversion Ug^t to which incidence of this 2 
jouble harmonic generation is carried out to a nonlinear optical element 10 compared with the wavelmgdi conversion 
aeans to other short wavelength, such as sum cycle mixing, can simplify the configuration itself. 
0037] Moreover, since it generates on the 1st pulse laser Ught 2 and the same axle Ln a nonlinear optical el^nent 10 an 
be 2nd pulse laser Ught 6 is transmitted through ttie same optical path from the nonlinear optical element 10 to the 
rradiated sample 9, an optical-path configuration not only becomes simple, but optical-axis doubling of the 1st pulse h 
ight 2 and the 2nd pulse laser Ught 6 etc. becomes unnecessary, and optical-path adjustment becomes v^y easy. 
0038] Moreover, since it is adjusted in the gestalt of this operation so that the exposure field 36 of the 2nd pulse laser 
ight 6 may be located in the exposure field 35 of the 1st pulse laser Ught 2 on the irradiated sample 9 as drawing S 
bowed. The exposure field 36 whole of the 2nd pulse laser light 6 is covered, and dissipation of heat is effectively 
lomp^Qsated by the 1st pulse laser Ught 2, and cdn form the polish recon film witti it in the exposure field 36 whole of 
Ind pulse laser Ught 2 by it [ a large particle size and ] [ uniform ] 

0039] Moreover, since optical materials, such as usual optical glass and a quartz, have the distribution from which a 
efractive index differs with wavelength, when dioptrics components, such as a lens formed with these ingredients, are 
ised, the chromatic aberration from which a focal distance differs with wavelength occurs. When condensing the Ug^t 
irom the light source with wide many wavelength or spectral band width with a dioptrics component, in order to amCT< 
chromatic aberration, usually the achromatism which forms a lens combining two or more ingredients with which 
efractive indexes differ is performed. As shown in the gestalt of this operation, however, inside [ exposure field 35 ] tl 
.St pulse laser Ught 2 When arranging the exposure field 36 of the 2nd pulse laser light 6, the optical element formed ^ 
he single ingredient with which achroniatism is not given is used. If the location of the irradiated sample 9 is adjusted 
hat the condensing point of the 2nd pulse laser Ught 6 may be located on the irradiated sample 9, the 1st pulse laser lig 
I Since it is condensed in a diff^rerit location from the kradiated sample 9 top, as the exposure field 35 of the Isl 
)ulse laser ligjit 2 becomes large compared with the exposure field 36 of the 2nd pulse laser Ught 6, and the exposure f 
)f the 2nd pulse laser Ught 6 comes to be located in the interior of the exposiu^ field of the 1st pulse laser Ught 2. Thus 
he convergent radiotherapy optical system 8, the cheap lens which has not given achromatism etc. can be used for die 
nterior of the exposure field 35 on the irradiated sample 9 of the 1st pulse laser light 2 by arranging the exposure field 
>f the 2nd pulse laser light 6 wh^e wavelength differs. 

0040] In the gestalt of this operation, although the configuration which uses an amorphous siUcon for the irradiated 
»mple 9, and forms the poUsh recon film by the melting recrystalUzation by laser beam exposure was shown, the 
rradiated sample 9 is not restricted to an amorphous siUcon, may be the ITO film, for exarc^le, can apply this laser 
umealer also to the conductive improvement by melting recrystalUzation of the ITO film. 

0041] MoreovCT, the output rate of the 2nd [ to the 1st pulse laser Ught 2 ] pulse laser Ught 6 should just choose the 
optimal value according to the absorption coefficient of the irradiated sample 9 to the 1st pulse laser Ught 2 and the 2n( 
)ulse laser Ught 6, the melting point, exposure area, etc. For example, the absorption coefficient of the irradiated samp! 
should just make low ttie output of the 2nd pulse laser Ught 6 to a big ingredimt to the 2nd pulse laser Ught 6. In this a 
f the incidence reinforcement of the 1st [ to a nonlinear optical element 10 ] pulse laser Ught 2 is reduced, since 
Aravelengtfa conversion efficiency wiU decrease, the output of the 2nd puLse laser Ught 6 can be made low. Moreover, t 
ncidence reinforcement of the 1st pulse laser Ught 2 to a nonlinear optical element 10 can be easily changed by adjust! 
he focal distance of the condenser lens 1 1 arranged before a nonlinear optical element 10, and the distance from a 
X)ndenser Ims 1 1 to a nonlinear optical element 10. 

[0042] When anneaUng of the irradiated sample 9 was performed using the Ught source of single wavelength, the 
absorption coefficient of the irradiated sanq>le 9 was always fixed, and since the thing in nanosecond order to control \ 
aot easy, it depended for the pulse width of a laser beam to irradiate on optimization of exposiue conditions adjusting i 
in output Consequentiy, the class of irradiated sample 9 set as the object of annealing was restricted by the wavelengt 
he Ug^t soiuce, and pulse width. Since the equivalent pulse width and the equivalent absorption coefficient over the 
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T^iated sample 9 can be changed by^ i5nanging the output rate of the 1st pulse laser D^bit 2 and the 2nd pulse las^ ligl 
^h^ two pulse laser light fix>m which wavelength differs is sup^imposed and it performs annealing of tiie irradiated 
ample 9» as shown in the gestalt of this operation, annealing of various ingredients can be performed compared with tl: 
ase where the light source of single wavelength is used, 

)043] Gestalt 2. drawing 9 of operation is the block diagram showing the configuration of the internal wave length 
onversion mold solid state laser 101 which is the pulse laser Ught source which generates the 1st pulse laser ligjit 2 of 
peration gestalt from which the laser anneals conccnwjg this invention differs. The internal wave iCTigtfa conversion 
lold soUd state laser 101 is equivalent to the pulse laser light source I, is the same as that of drawing 1 , and omits 
Kplanation of the part which overlaps the gestalt 1 of operation. [ of the configuration of laser annealers other than this 
a drawing 9 » fiie YAG (yttrium aluminum garnet) crystal with which neodium ion was doped is being used for the sol 
tate-lasCT medium 15 which is the solid-state component used as an active medium with the gestalt of this operation. 1 
emiconductor laser 16 for exciting the soUd-state-laser medium 15 is formed in flie side of the solid-state-laser mediin 
5, TTie SQlid-state*laser medium 15 excited by semiconductor laser 16 emits the fundamental- wave laser beam 17 whi< 
/avelength has in a 1064mn near-infrared region. On the optical path of the fimdamental-wave laser beam 17, Q switcl 
8 for pulse-izing the fimdamental-wave laser beam 17 is formed. The 1st edge mirror 20 and 2nd high^-harmonic 
jection mirror 22 are prepared in the location the solid-state medium laser 15 and whose Q switch 18 are pinched in 
*etweerL Moreover, between this 2nd hi^er-harmonic ejection mirror 22 and the 2nd edge mirror 21, wavelength 
onversion of the fimdamental-wave laser beam 17 is carried out, and the nonlinear optical element 19 for second 
larmonic generations which generates the 2nd higher harmonic is established. When the KTP (KTiOP04, phosphoric- 
cid potassium titanate) crystal is used in the gestalt of this operation and incidmce of the Ught with a wavelength of 
064nm is carried out, this nonlinear optical element 19 for second harmonic generations is omitted so that phase 
aatching conditions may be fiilfilled at the time of 2 double harmonic generation. Therefore, the wavelength of the 2n< 
dgher harmonic serves as the 532nm UghL Moreover, although not shown in drawing, the adjustment device of 
smperature and an installation include angle is pr^ared in the nonlinear optical element 19 for second harpaonic 
generations. Moreover, the resonator which used the 1st edge mirror 20 as the end, and used the 2nd edge mirror 21 as 
ither end is constituted, and it has Q switch 18, the soUd-state medium laser 15, and the 2nd higher-harmonic ejection 
oirror 22 in the interior. The nonlinear optical element 19 for second hannqnic generations is also established on the 
iptical path inside this resonator, and constitutes the resonator internal wave length conversion means. Total reflection 
oating which the 1st edge mirror 20 makes cause total reflection to the fimdamental-wave laser beam 1 7 with a 
vavelength of 1064nm is performed. Total reflection coating which the 2nd edge mirror 21 makes cause total reflectib: 
loth fimdamental-rwave laser beam 17 with a wavelragtfa of 1064nm and 2nd higher harmonic wave with a wavelength 
»32rmi is performed. The 2nd higher-harmonic ejection mirror 22 bends an optical axis, to the fimdamental-wave laser 
>eam 17 with a wavelength of I064rmi, it carries out total reflection in order to take out the 2nd higher harmonic to the 
esonator exterior, and two-wave coating is performed so that it may become all transparency to the 2nd higher harmor 
vith a wavelength of 532m. The 2nd higher-harmonic ejection mirror 22 is pinched, and the bending mirror 23 which 
lends the travelling direction of the 2nd higher harmonic taken out from the 2nd higher-harmonic ejection mirror 22 is 
brmed in the location of the nonlinear optical element 19 for second harmonic generations, and the opposite side. The 
)eam ejection aperture 25 which takes out tiie 2nd higher-harmonic- wave light is formed in the case 24 of the intemal 
vave length conversion mold soUd state laser 101. In Q switch 18, the amount of optical losses in a resonator can be 
:hanged. 

0044] Next, actuation is explained. First, the excitation Ught which carries out outgoing radiation fiiom semiconductor 
aser 16 is irradiated fix>m the optical-axis side of the solid-state-laser medium 15, and tiie solid-state-laser medium 15 
excited* In the excited soUd-state-laser medium 15, the inverted population arises between the energy levels of the 
•pecification according to the wavelength of excitation light, and tiie atomic stmcture of an active mediiuTL In the 
x>ndition that the optical loss by Q switch 18 arranged in a resonator is large although the invCTted population decrease 
)y spontaneous emmision and induced emission, the optical reinforcemrat in a resonator carmot increase and reductioi 
he inverted population by induced emission can be disregarded. Therefi>re, as long as the inverted population augend I 
excitation exceeds the inverted population decrement by spontaneous enunision, the inverted population increases and 
ligh energy is accumulated into the solid-state-laser medium 15. If the amount of optical losses by Q switch 1 8 is quic 
-educed where higji energy is accumulated into the solid-state-las^ medium 15, the spontaneous emmision light gener 
vithin tiie soUd-state-laser medium 15 will be shut up by the 1st edge mirror 20 and tiie 2nd edge mirror 21 in a resona 
he magnification operation by the induced emission of the soUd-state-laser medium 15 will be received, and the optic? 
einforcement of the fundamental- wave laser beam 17 in a resonator will increase quickly. Since the generating rate of 
nduced emission is proportional to the optical reinforcement Miiich passes the solid-state-laser medium 15, in case the 
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imdamental-wave laser beam 17 wim optical high reinforcement passes through theS^iside of the solid-state-laser 
nedium IS, induced CTiission will become remarkable and the invited population will decrease below to a threshold. 
Z!onsequently, the fundamental-wave laser beam 17 in a resonator suspends an oscillation. As mentioned above, pulse 
ight with high peak light reinforcement can be generated by installing Q switch 18 in a resonator and fluctuating the 
>ptical loss in a resonator. Since the fundamental- wave laser beam 17 is especially considered as the configuration shx 
n the resonator which consists of the 1st edge mirror 20 and the 2nd edge mirror 21 in the gestalt of this operation, the 
>ptical reinforcCTient of the fundamental- wave laser beam 17 in a resonator becomes very higjb. 

p045] In the gestalt of this operation, since the nonlinear optical element 19 for second harmonic generations is arranj 
n a resonator and the fundamental-wave laser beam 1 7 is shut up in the resonator by the 1st edge mirror 20 and the 2r 
^e mircor, incidrace of the fimdamental-wave laser beam 17 with very hig^ peak lig^t reinforcement can be carried 
x> the nonlinear optical element 19 for second harmonic gen^ations. In the nonlinear optical element 19 for second 
larmonic generations, the rate that the fundamental- wave laser beam 17 is changed into the 2nd higher harmonic is 
proportional to tiie square of the optical reinforcement of the fundamratal-wave laser beam 17 theoretically. Accoidin 
lie resonator internal wave length conv^ion configuration which has a wavelengtii conversion means as shown in th« 
gestalt of this operation in the optical path of a resonator, incid^ce of the fundamental-wave laser beam 17 of high 
intensity can be carried out to the nonlinear optical element 19 for second harmonic gen^ations, and the 2nd higher- 
larmonic U^t can be generated efficiently. Hie 2nd high^ harmonic generated within die resonator is taken out fiom 
2nd bigger-harmonic ejection mirror 22 installed in the resonator by the resonator exterior. The 2nd higher harmonic ^ 
ivhich carried out outgoing radiation of the resonator has a travelling direction b^t by the bending mirror 23, and can 
3ut outgoing radiation fix>m the beam ejection aperture 25 to the exterior of a case 24. The 2nd higher harmonic whicl 
ivavelength in the visible region which carried out outgoing radiation to the exterior of a case 24 is used for annealing 
1st pulse laser light 2 of the laser annealer concerning this invention. In addition, the generating approach of the 2nd p 
laser light 6, the transmission approach to the irradiated sample 9, and the exposure approach for tiie irradiated sampk 
are the same as the configuration shown with the gestalt 1 of operation except for being cut so that phase matching 
cx)nditions may be fulfilled at the time of 2 double harmonic generation, when the include angle of.a cut of a nonlineai 
optical element 10 carries out incidence of the Ught with a wavelength of 532nm. 

[0046] In the gestalt of this operation, the fundam^tal-wave laser beam 17 which is in a near-infimred region using th 
solid-state-laser mediimi 15 is gCTierated, wavelength conversion is performed for the fundamental-wave laser beam 1 
pulse-ized with Q switch 18 by the nonlinear optical element 19 for second harmonic generations, the 2nd higher 
harmonic which has wavelength in a visible region is generated, and it is used for aimealing as 1st pulse laser light 2. 
wavelength conversion is carried out at the light and the fundamental-wave laser beam generated from a solid-state-la 
medium is used for annealing as 1st pulse laser light as shown in the gestalt of this operation, the same eflfectiveness a 
the gestalt 1 of operation is not only acquired, but unlike gas laser, such as argon laser used as the light source of the 1 
pulse laser light 2 in the gestalt 1 of operation, it can miniaturize the lig^t source for the 1st pulse laser light gCTieratin 
Moreover, since the 1st pulse laser light 2 can be efficiently generated compared with gas laser, the running cost at th< 
time of annealing can decrease, and che^ly quality annealing can be performed. 

[0047] Furthemiore, since the argon laser shown wife the gestalt 1 of operation excites a gas medium with the electroi 
under discharge, it cannot avoid consumption of the electrode for discharge generating, and cannot be said to be excel 
enough in the viewpoint of d^endabiUty a life and over a long period of time, since it is maikedly alike and dependal 
not only improves, but will improve over a long period of time if the solid-state-laser medium 1 5 is used as shown in 
gestalt of this operation, annealing by which not only it is possible to aim at reduction of a maintenance cost, but qual 
was stabiUzed over the long period of time can be performed. [ stability's of an output ] Moreover, since a high increa 
power is easy compared with gas laser, it is easy to aim at improvement in the productivity of anneaUng. 
[0048] Although the example which used the YAG crystal for the solid-state-laser medium 15 was shown in the gesta 
this operation If the YLF (LiYF4) crystal \^ch does not restrict the ingredient of the solid-state-laser medium 15 to t 
and doped neodium ion is used Since the hfe of spontaneous emmision is longer than a YAG crystal, the fimdamental 
wave laser beam 17 in the wavelength of 1047nm or a 10S2nm near-infirared region is not only obtained, but In case t 
fimdamental-wave laser beam 17 is pulse-ized with Q switch 18, energy can be efficiently accumulated into the solid- 
state-las^ medium 15. Moreover, since change of the refractive index accompanying the temperature change of the sc 
state-laser medium 15 is smaller than a YAG crystal, the stability of a laser output and beam quality improves. If the 
solid-state-laser medium 15 has oscillation wavelength not only in a YAG crystal and a YLF crystal but in the near- 
infrared region which made reference here, it can syiply all and should just select the best crystal according to conditic 
required for annealing. 

[0049] Moreover, although the configuration which performs wavelength conv^ion inside a resonator and genoates 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/2 



P,2000-012484A [DETAILED DESCRIPTION] 




Page 9 o 



nd higher harmonic of a solid-state-i>tr>er medium in the gestalt of this operation was-dtiown If the optical reinforceme 
"f the fundamental-wave laser beam 1 7 is fiiUy high even when the fundamental-wave laser beam 17 is taken out out o 
esonator The nonlinear optical element 19 for second harmonic generations is installed in the resonator exterior, 
i^avelengtfa conversion is performed in the resonator exterior, the 2nd higher harmonic is generated, and you may use i 
or annealing as 1st pulse laser Ugjit 2. If the nonlinear optical element 19 for second harmonic generations is arranged 
he resonator exterior, the alignment of a resonator not only becomes easy, but the stabiUty of an output will improve 
urfiier and quality maintenance of annealing will become still easier. 

0050] Moreover, in the gestalt of this opCTation, although the configuration which xises semiconductor laser 16 as the 
:xcitation light source of the sohd-state-laser medium IS was shown, an arc lamp may be used as the excitation light 
ource of the solid-state-laser medium IS. Although it is inferior over a long period of time compared with semicondui 
aser 16 in the viewpoint of dependabihty when an arc lamp is used as the excitation Ught source, since it is cheap 
:onq)ared with semicoiiductor laser 16, reduction of the manufacturing cost of annealing equipment can be aimed at 
OOS 1] Although the configuration which gmerates die 2nd pulse laser light 6 which uses the 2nd hi^er harmonic of t 
oUd-state-laser medium IS as 1st pulse laser Ught 2, is made to generate 2 double higher harmonic of the 1st pulse las 
ight 2 in the gestalt of this operation, and has wavelength in an ultraviolet area was shown The generating means of fh 
!nd pulse laser light 6 which has wavelength in an ultraviolet area In using the 2nd higher harmonic of the sohd-state- 
aser medium IS instead of what is restricted to 2 double harmonic generation as 1st pulse laser light 2 CoincidOTice m; 
le made to carry out incidence of the 2nd higher harmonic which is the fimdamental-wave laser beam 17 of the solid- 
late-laser medium IS, and the 1st pulse laser li^t 2 to a nonlinear optical element 10, sum cycle mixing may be 
>erformed, and the 3 time higher harmonic of the fundammtal-wave laser beam which has wavelength in an ultraviole 
irea may be used as 2nd pulse laser Ught 6. The thermal load to the nonlinear optical element which performs wavelen 
x>nversion Since it becomes so high that the wavelength of the wavelragth conversion Ught to generate becomes short 
he 3 time higher harmonic of the fundamental-wave laser beam 17 is used as 2nd pulse laser light 6 Rath^ than the c£ 
vhere 2 double higher harmonic of the 2nd higher harmonic of the fimdamental-wave laser beam 17, i.e., the 4 time 
ligher harmonic of the fimdamental-wave laser beam 17, is used as 2nd pulse laser Ught 6, the thennal load of a nonlir 
optical element 10 which generates the 2nd pulse laser Ught 6 decreases, and the dependabihty of a laser annealer 



00S2] In the gestalt 1 of operation, and the gestalt 2 of operation, although the configuration which pulse-tzes a laser 
>eam using a Q switch was shown, even if it does not restrict the approach of pulse-izing to this and excites a laser Ugl 
K>urce by pulse operation, a pulse laser Ught appUcable to anneaUng can be obtained. 



[EflFect of the Invention] A 1st pulse laser Ught generating means to generate the 1st pulse laser light which has 
A^avelength in a visible region according to this invention. Incidence of the 1st pulse laser Ught is carried out, and it 
carries out wavelength conversion of a part of 1st pulse laser light It has the 2nd pulse laser Ught generating means wl 
m ultraviolet area is made to superimpose the 2nd pulse laser Ught which has wavelength on the 1st pulse laser light aj 
he sanie axle, and carries out outgoing radiation to it Since it enabled it to irradiate tiie 1st pulse laser Ught and the 2n 
pulse laser Ught on which it was sup^imposed at an irradiated object Since efifective annealing not only becomes 
possible, but the exposure timing of the 1st pulse laser Ught and the 2nd pulse laser Ught is always kept constant to var 
ingredients, the anneaUng quaUty which was always fixed can be maintained. Furthermore, since optical-axis doubling 
he 1st pulse laser Ught and the 2nd pulse laser Ught is unnecessary, maintenance nature, such as optical-path adjustme 
::an be raised. 

0054] Moreover, according to this invention, since the 2nd pulse laser Ught generating means generates 2 double high 
aarmonic wave of the 1st pulse laser Ught, ttie optical path of wavelength-ed conversion Ught and adjustment of a bear 
liametOT are easy, and since the configuration of wavelength conversion can be sinq)Ufied, reduction of ttie manufactu 
zost of a laser annealer can be aimed at. 

[0055] Moreover, since the 1st pulse laser Ught generating means is the soUd state laser which generates the 2nd highe 
harmonic as 1st pulse laser Ught, using a soUd-state component as an active medium according to tfiis invention, it can 
attain the miniaturization of the Ught source for generating the 1st pulse laser Ught, and it not only becomes possible tc 
generate the .1st pulse laser Ught efficiently, but can aim at improvement in a Ufe of a lamp and dependabiUty. 
Furthermore, while it is possible for the laser output to be stable, and to always perform annealing of fixed quality sine 
high increase in power is also easy, the productivity drive of annealing can also be planned easily. 
[0056] Moreover, since the 1st pulse laser light generating means is the solid state laser equipped with a resonator inte 
wave length conversion means to generate the 2nd higher harmonic as 1st pulse laser Ught according to this invention, 
interior Ught reinforcement of a resonator of the fimdamental-wave lasCT beam graerated fiom a soUd-state-laser medii 
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5. raised, wavelength conversion is pCronned using a fiindamental-wave laser beamC^th optical high reinforcement, t 
St pulse laser Ught is generated efficiently, and reduction of the running cost of a laser annealer can be aimed at 
0057] Moreover, since the 1st pulse laser light generating means is the soUd state laser pulse-ized by the Q switch wh 
generates the 2nd higher harmonic wave as 1st pulse laser light according to this invention Generating of the fundamei 
vave laser beam of high intensity becomes easy, and the 2nd higher harmonic used as 1st pulse laser light is generated 
:fficiently. The 2nd pulse laser light it not only becomes possible to aim at reduction of the running cost of a laser 
jmealer, but generated by carrying out wavelength conversion of the 1st pulse laser light Since it is located in the ante 
lart of the 1st pulse laser light in time, the 1st pulse laser light can compensate with the 2nd laser beam effectively 
lissipation of the heat produced in the irradiated sample, and annealing of high quality can be performed. 
0058] Moreover, according to this invention, the 1st pulse laser light and the 2nd pulse laser Ught on which it was 
uperimposed are condmsed. An irradiated lifter is made to irradiate and the exposure field of the 1st pulse laser lig^t : 
arger than the exposure field of the 2nd puke laser Ug^t The exposure field of the 2nd pulse laser Ught Since it has a 
:ondensing means to make it located in the exposiu"e field of the 1 st pulse laser Ught It migrates to the whole exposure 
ield of the 2nd pulse laser Ught, and by the 1st pulse laser Ught, dissipation of heat can be compensated effectively, it < 
nigrate to the whole exposure field of the 2nd pulsed Ught, and homogeneity and quaUty annealing can be performed, 
iloreover, locating the exposure field of the 2nd pulse laser Ugjit in the interior of the exposure field of the 1st pulse la 
ig^t can use the cheap lens which has not givra achromatism and which was formed with the single ingredient as a 
:ond0ising means. 
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DESCRIPTION OF DRAWINGS 



]Brief Description of the Drawings] 

T)rawmg I] It is the block diagram showing the configuration of the laser annealer concerning the gestalt 1 of 
implementation of this invention. 

[Drawing 2] It is the graph which shows time amount change of the optical reinforcement of tfie 1st pulse laser light ir 
front of the nonlinear optical elCTient incid^Lce of the laser annealer concerning the gestalt 1 of implementation of thu 
invention. 

[Drawing 3] It is the graph which shows time amount change of the optical reinforcement of the 1st pulse laser lig^t a: 
the nonlinear optical element incidence of the laser aimealer concerning the gestalt 1 of implCTientation of this inventi 
[Drawing 4] It is the grs^h which shows time amount change of the optical reinforcemeiit of the 2nd pulse laser lig^it 
generated in the nonlinear optical elemmt of the laser annealer concerning the gestalt 1 of implementation of this 
invention. 

[Drawing 5] It is the top view showing the exposure field of the 1st pulse laser light and flie 2nd pulse laser lig^t on th 
irradiated sample of the laser annealer concerning the gestalt 1 of implementation of this invration (beam pattern). 
[Drawing 6] It is the graph which shows the calculated value of time amount change of the temperature of the irradiate 
sample at the time of irradiating the 1st pulse laser light of the las» annealer concerning the gestalt 1 of implementati( 
of this invention at an irradiated sample. ^ \ 

[Drawing 7] It is the graph which shows the calculated value of time amount change of the temperature of the inradiati 
sample at the time of irradiating the 2nd pulse laser lig^t of tiiei laser annealer concerning the gestalt 1 or implementati 
of this invention at an irradiated sample. 

[Drawing 8] It is flie graph which shows the calculated value of time amount change of the temperature of the uxadiatt 
sample at the time of superimposing the 1st pulse laser light and 2nd pulse laser Ug^t of a laser annealer concoming tfa 
gest£dt 1 of implementation of this invention, and irradiating an irradiated sample. 

[Drawing 9] It is the block which shows the configuration of the intamal wave length conversion mold soUd state lase 
used as the lig^t source which generates the 1st pulse laser Ug^t of the laser annealer concerning the gestalt 2 of 
implementation of this invention. 

[Drawing 10] It is the block diagram showing the configuration of the conventional laser annealer. 
[Description of Notations] 

I Pulse Laser Light Source, 2 1st Pulse Laser Light, 6 2nd Pulse Laser Light, 8 Convergent radiothen^y optical systei 
An irradiated sample, 10 Nonlinear optical element, 15 A solid-state-laser medium, 17 A fimdam^tal-wave laser beaj 
18 Q switch, 19 The nonlinear optical element for second harmonic generations, 20 The 1st edge mirror, 21 the 2nd e< 
mirror and 35 — the e?q>osure field (beam pattern) of the 1st pulse laser Ugjit, and 36 The exposure field (beam pattern 
the 2nd pulse laser light, and 101 Internal wave length conversion mold sohd state laser (solid state laser). 
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CLAIMS 



Claim(s)] 

Claim 1] A 1st pulse laser Ught generating means to generate the 1st pulse laser Ught which has wavelength in a visib: 
egion, hicidrace of the pulse laser light of flie above 1st is carried out, and it carries out wavelengdi conversion of a p 
)f pulse laser light of the above 1 st It has the 2nd pulse laser light generating means which an ultraviolet area is made 
aiperimpose the 2nd pulse laser Ught which has wavelength on the pulse laser light of the above 1st, and the same axle 
md carri^ out outgoing radiation to it The laser annealer which enabled it to irradiate the pulse laser U^t of the abov 
1st by which supraposition was carried out [ above-mentioned ], and the pulse lasa- light of tiie above 2nd at an irradia 
)bject. 

Claim 2] The laser annealer according to claim 1 witti which the above-mentioned 2nd pulse laser U^t generating me 
s characterized by generating 2 double higher harmonic of the pulse laser Ught of ttie above IsL 
Claim 3] Claim 1 characterized by the above-mentioned 1st pulse laser light generating means being the soUd state laj 
vhich generates the 2nd higher harmonic as a pulse laser Ught of the above 1st, using a soUd-state component as an act 
nedium, or a laser anneals given in two. 

Claim 4] 3 is ( claim 1 characterized by being the soUd state laser which the above-mentioned 1st pulse laser Ught 
jenerating means equipped with a resonator internal wave length conversion means to generate the 2nd higher haimon 
IS a pulse lasCT U^t of tihe above 1st timi/or ] the laser aimealer of a pubUcation either. 

;Claim 5] 4 is [ claim I characterized by the pulse laser Ught generating means of the above 1st being the soUd state laf 
}ulse-ized by the Q switch which generates the 2nd higher harmonic wave as a pulse laser U^t of the above 1st tfaru/oi 
he laser annealer of a pubUcation either. 

Claim 6] 5 is [ claim 1 characterized by to have a condensing means condense the pulse laser Ught of tiie above 1st by 
;(rhich superposition was carried out / above-mentioned /, and the pulse laser Ught of the above 2nd, make the above- 
nentioned irradiated Ufler irradiate, and the exposure field of the 1st pulse laser Ught is larger than the exposure field o 
iie 2nd pulse laser light, and make it the exposure field of the 2nd pulse laser light located in the exposure field of the 
julse lasor Ught thru/or ] the lasOT annealer of a pubUcation eith^. 



Translation done.] 
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(57) IS*?Jl 

V — if 3t 2 ^5 AM $ ix. ^ 1 <o^<yu;«. !f 3t 2 ro-gp 
Srft*IE«LT, §^^^tft««r*-t-5 2fflFiS5Si«-Cfc 

5^2 (Dz-t/u;^ 1f ^ 6 S:^ 1 if 2 t 

gT*>-5*I^Jg3t^^^ 1 0 t MS^ Jxfc^ 1 

<o/</wx V— tf 5t 2 tJ J; 2 (D/^yw;^ !f jt 6 Srli^ 

Ra|t#I 9 l-B3ttT't 5 J: 5 1- S^BB|*!fe 9 ±|CioV^ 

5. 



1 :/<fl-^u-ifit3i 
I 0 : iHUBJu rm^ 




1 

5|g 2 <o^</u:^ !f 3tSr±IBf^ 1 u— jt 

±fEm»Stufc±IS^ 1 (O/^yw;^ u—ifatfc J: tJ5±IEm 

lem 1 »f 3t<0 2 f&ii5fl«iSr5l^-r 5 w t Sr 

So 

im*«4l ±EB 1 ^^vu:^ u— «>^3t5!±*gis, ± 20 

I5ig 1 w— !f jt t trm 2 ^m^tr^^-i-^^ 

t i-5st*3S 1 75M 3 ©V ^-f ix*»IE«W !f T = 

[if *^ 5 ] ±fBm 1 (Dy<j^^ u-if 
±12^1 tfpfei: LTm2SIigE^|l41-5 

3tt5J;Uf±ia^2c7)^</UP^U-1fJfe^*3tLT, ±l5te 

2 <0/-?/U;^ if JtrofiSIt^^ J; ^ 2 W/N- 

/i':^ u— »f3t«R8lt®«ctt, IB 1 ro/Nyw;^ u-if 3t©Sg 

[0 0 0 il 

y 3 i^O^ja^j^iifk;^, I TO ( I n d i umT i n 
Oxide) K0Hg^{b»CJ;5»«tt3fe»^lCteffl 
1-5 U'-ifT--yw$lttlCili-5 tro-Cfc5. 
[0 0 0 2] 

[^^3t5<oa^sl s^jfcoi— ifT=-/uiiS(o^jt lt. 

ItBBSS 6-2 9 3 2 3^<£:m^^^tltzU—ifT=-— 
/V'SES^JfelbiXTV^S, @1 D(4#§|Bg5 6-2 9 3 2 
3 ^ii«lc:^$*tTV>5l£3lE<n u— If T=-ywS?g<ofl| 
^rE5r^1-yn -y^'BT-fci, 0lc*5^^T, Q^-l' .y^B 



#^2 0 0 0-1 24 8 4 

2 

(J ^</u;^{k$nfcS*:S?3tT-$)S^ 1 (Ox-vVu-JT. if jt 
2«r%4-t-5. 3rifglO/NVi';<u-1f3t2<03tK^2 

T'y 5/^ 3T-2*rR]|c^>ii$$Jxfc^i(D/^/p;?.u— tfjfe 
2W5*>-:^&W3tKSrSft-f-5»S3t^^. 514^1© 
y</U7. U— If 3fe 2 ©3fe««i!cS:iif&-t-63tffl«iSciif& 

6ttlf-A^7'y .y^ST-^ll^^ixfct 
1 o/</Wy^ I'-if 3t 2 «)3t^ jSScSrJtSjSi^jlfgS 5 »;i 
i OiSf&LfcieSSIfeJt-CfcS^ 2 u— !f 3tTfe 
5c 7f44 5" Alt©S*i63tT-fe5l|l©/'NVu;^U'- 
1fJt2?ri®iL4 5' AWK>iam3tT-fo5B2(0/<yP 
!f3t6 4:S«i-5 2fettK'-A>?.yy 814 

[0 0 0 31 l?cl-l!)f^l-ov>Tljiigi-5, /^/u;^!^— tf 
Jtjgl »4, Q:^-r i/^tJiJ: 9^-«/u;^{k;^^nfcS*&jtT? 

1 ©v^Vl';^ u-lfjfe 2 «rl84i-5. u— tf 
jtailSrmWLfcMl©^^Vi';^u— if±2(4. t'-A;^ 
yy-;/^'3Jcj;9 2^iRi(c^jii$$ix5c t'-Ax:/y -;/ 
3 ^Sii-r 1 ©^n'/I'^^ W-lf 3t 2 »4giS3t^^ 4 
tiAWL. -^©l^P.0iiitSr't>oTiiS)t^^K4*»f,ai 
ltL2fettfc'-A;^7'y s/^' 7»cS]»-f-5o f- 
A;^yy 3JcJ;oTE^*lRll-Slt$ti-fcmi©/-« 
/i.;^ u— »f 3fc 2 l43tffl»aiil&Sg 5 {ciAlt L. SS 1 
/u^ u-ifjt 2 co-SPI45tSjK»i?ilf&$nfc^ 2 ©x 
/I.;?, u-if ^ 6 lii^Jfe^c^t, 2fettlf-A;;?.7'y 7 
Icaa-rS. 2fetthr-A;^yy -y^ 7(4. 4 5' AW 
rofS 1 W.'^yl';^ 1f 3t 2 IC*f LT»4Sia, 4 5 • Alt 
roi§pjK3tT-&5m2©x</U^ U— If3t6 iCji^f LTI45 
It-r^iplci^^^FnTV^Sfcfe. gjg3t^*4lc:J;o 
TiiS Snfcm 1 <O^^V^;^ u— !f 3t 2 ©3t!§i: Jt^aSS 
iifffSic i t) 3t^&»;i5iifg^ttfc^ 2 w-if 
5t6©Jt8S»4-a-fi£$ti-. mi©^<>'i'^u— !f3t2*Jj:t;! 
^ 2 u— tf 6 J4 1 1 izMitm^^m^. 8 (CA 
ttf 5. ^3tSSIt3t^S 8 J; oT. Hi <D^<ju^ u- 
1f 5t 2 13 £ i;^ 2 (D^<ji^:^ if 3t 6 (4 i: t lc*3t^<^ 

t tS;$:iS3tT-fo5Bl ©^-'/l'^^— !f*2©2/< 
[0 0 0 4] 

[^M*5^*LJ;5 {*3fewu-ifT=-/u 
i^fil4±IE(Oi5lc:Sfi£$nTtJt). S^iSAti^life 

[0 0 0 5] Sfc. S^Siiri^^ftittw^'f ^v^/p 



3 

[0 0 0 61 3tKo^ii$^ilS3t^moS«(ci 

[0 0 0 7] Sfc. ^t^&^it<sglciov^T^g^^^^itlc 

10 0 0 81 if::. Q^-< s/^eff:!^— roS*)BE3t 
[0 0 0 91 :i<o^m\t. r©j;p/fgiuas:«?*i-5fc 

[0 0 1 01 

/^/w^ ix—!f3t;65AW^H. ^ 1 co^^/i';^ u— <f 

Hfc^ 1 ro^-t/u;^ tf 3ttJ J;Ut^ 2 (7)^</p;^ ^— if 3t 

[0 0 1 11 rroiSl^lcfij-Su— ifT=-/uSlll«, ^ 

2 /^/w;^. u-if i o^^/u:^ u— if Jtro 2 

(0 0 121 w«^9qic^5u-ifT=-/i'SIBli, B 
1 y<y\^^ I'-lfJtlB^^Sds. Hl^ig^SrSttaWi: L 

[0 0 131 cro«iBic«5u— tfr^-zi-iiBii, lg 

1 u-1f3t^^#ei65. ^ 1 (7>/<yw;^ i^—f^t 

[0 0 141 c<Z)5SWlc«S5^— ifr^-yw^Btt. S 

1 U— if 3t%^#gi5, |g 1 (7)x-;yw;j; u-if 
LT^2S^iK5r^41-5Q;^'i' J: •? /Vu;^{t: 
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$nfc@«:u— if T-$>5 r i ^mmt-ti>h(OX'hi>. 

[0 0 15] z(o^m\z.w^^u—f7--jumm.n. m 

1 ro/^V^;^ v— if^fciut^ 2 ro^^yi';^ i — 
\^-f^o)WMmm^s^ 2 cD^-^/P;^ u—if 3fe©SB«®SE 
/nVux if 5trora.lt^«i^|c^B-t-5 i 0 i^-tiMit 

[0 0 16] 

^miizmto mncti\,^x. m^p. Bioti^-^-^ 

y<ju:^ u— ifjt 2 fr%^S*5^ 1 w/nVu^^ i — -f^^ 
mi'O^-'/i':^!^— tf3te2<D3tKrttJ4. m 

ftSr^r1"5^2 v — if3tlr^ 1 co^nVI'X if 
Jt t S -art fibMI- ■& H 2 u— if 

20 ^^s-efe5i^iljg3t^i!i^ 1 odss!:»te>nTv^5. 

10/'«^ix>^u— !fjfe2<Sr«>tL. 0fm^^m^i on 
AWi^Ofg 1 C5^nVu;^ u— If* 2 O^t^a^iii*, 

d5®ttbtvTI/^5o #^ff^7fe¥^^l OtS.ffiitifeT-fc 

It UyS:^ 1 (r>/<A'7. U— if )t 2 fcit/^ 2 (0^</V7. u— 

2. ^10/>Vw;x,u— if3t2t5j;u:^2co/</i'^u— if 

t'-A^tt3t^^ 1 3 33 it/^ 1 W— if)t 2 . 
m2ro/</Uy^U— if*6 5:*3tUT. ^<r>%it^<^ ^yt^ 

9 tCffiSt-Ct 5^fe3t^ST?fe5*3tfi8#t3t^m 8 
^1<0/<>'1';^U'— if3fc2tJj;t;t^2(0/</wxu— if 
jt6(DittT*lP]l-|pl;6»oTii:^Jtc^ltf>ixTi/>5„ 
ltifc^9H:. ^^x-v'i 4±»ct^S$i^SJ;9t/j^oT 

40 [0 0 17] r«>^M©||iSojg|i©^<yu;^u— ifjti^ 
Itt. Brfi*Slc4)5»SjS65 1 5 nm(OTyU'=^>>f ;i- 

;^U'-if3t2^3g^$-&Tl,>5, ^HJg^t^^^lO 
11, U-BBO (0— BaB, , 9 ^ Jxif^ 
^-Y h) ^^^rffiffl LTfc 0 , 5 1 5 n Ta<r>%-Qi} 
5^1 t'— if 7t 2 SrAW U. ^ l </)^>Vu;^ u- 

if )fe 2 (0 2 fifK^iKT-i>5lg 2 (r>y</v:^, u-if 3t 6 



5 

[0 0 181 m^wii^i:um-r^, ^<j\^y^u-^±m.i 

mit^mf- 1 0 J4. Suit Lfc i ? 2 fSi^Pig[5l^fe^lc 

I^Uff^Jt^*^ 1 0 Lfc^ 1 (D/nVu;^ 2 10 

i;>-Sfl5ii2^1ftBi$i-jSft^m$n. ^^I|cte:i6;g:&* 
-r6^2<7>/</i'^U'— if3tt^c5. ^ 2 ©^^yu;^ u— !f 
Jttt. fS 1 a>y<fv:^ u— !f 3t 2 <03tKlc»o-C^iSi-5 
fcfc. ^5':i-7lcJ:5it^t:&l^](^-f^^Sr*mi-i^ 
tf. ^2(^/^V^;^^— tf5t6li. g i <D/^/w;^ u— f 3t 

[0019] ^^JF^3fc^*^ 1 0 ^ Wit Lfc^ 1 0/^/w 
:^ W— !f 5t 2 i tJ«|g 2 (7>/>/Uy?. v — -tf 3t 6 II, 1^— <^> 
-<VK5 7-1 2frJ;i3E^tcSf9ft»f fett. K'— ASg 
Sjt^S 1 3 fc'-APSit^m 1 3 li^ic 20 

<D R M i!h 1/ >- XtJ i UtRISiia X $ tl-T 43 

5. ^iw/^yu^^u— ifjfc2j3j;t;^^2W^<>'U';^V'— 1f 

[0 0 2 0] «3feBg|t3t^^ 8 J^AIt LfcM 1 <7)^-?/u;^ 
If 3t 2 *j J: T/^ 2 (O^^/p;^ u— !f 5t 6 1±. m^\z.$k 
Jt^*T.5. ^KO/^ywxU'— !f5t2 i:m2ro/^• 
«S^^^■^•5m2<D/^V^;^^— !f3t6(75S3t>^iis, ttPIt 30 
«!|Ef9±(c:'fi:gi-5J;p(c;^x-v>i 4 icioTSSBIt 
|*|^9<oj«$d5ps$ti,Tv^-5. tSoT. ^iro/-?/u;^ 
U'-- >f3t2r±+^^A3tSixTv^/j:v^^^li-e, SB2©/^yi' 

[0 0 2 1] s 2 75^04 II. z<r>^m<o%m<r>mU\z. 

14^ 2 (O/^/u;^ w-if 3tro5t^g(7?^FBl^^k$:^-r^^7 
7T-$>5, lalc^^v^T, 3t^g4r^i-«*!l©¥&l±ffs 
ro^it (arbitraryunit) 4:ffiV>TV»5. 40 
m 2 I±^«jg3t^^^ 1 0 \ZX^-^i>m<D% 1 Wx-?/!.;^ 
U— tf3t2(03t^Sw^Fam{tSr:T^L, 0 3 I±#||}g5t 
1 0 icAlt Lfc^ro^ 1 u-1f 3t 2 rojt 

^<Ol^raigfk«r*U, @4l4^ISJg3t^^^l OT-IS 
± Lfc® 2 (Oy<i\-x u—f% 6 (7»t^S(0^^^{t:5r* 
LTV^S. r<D||]K©Jg^|ctJI,^TI4. Q;».-1'5'5^Srffl 

0 AltUro^ 1 <75/</Wy^ 2 WitSSft 14, Aiilc 

Sr*LTV>5. S§oT, a:*c3t5^SSia^©^^Cz:ai4 50 
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^ 1 if 5t 2 ro3t^gro^K^{t;Sr^-r^<>'i' 

[00 2 2] ^2 (0/<>'U;^ u—^it 6 14^ 1 O/nVI^;^ u 
— !f?t2 0 2{gS5SSfi-eifot), r©2fgiii§IS[S:|g±-r 

5i^w2f&iaii«'-o«ft^ift5a^i4, aiifewictt^iii 

1C)/^V^;^^— tf^t2) ro*^g(D 2*|cltf!|-r5o % 

oT, Ig2lc:t5^^■c, i^m.mit^m=i-i o-.awi--5^ 

<fi^, z roes, im.ii^%^m=i- 1 0 aiwmrom i <o 
u-if ?t 2 (D^rBifijf$(4, ^mm^^m^i oa 

OJ^tilcfeV-'Ttt, S 1 cO/^/ixX u— if 3fe 2 

14, ^i^ff$3t^«^ 1 oiiilHfr^-e, 7 0 n sSg (@ 

2#fiB,) *'f)120nsS« (03#P,) i:ft</iS. 
[0023] ^1 (D^^yu;^ U— 1f )t 2 © 2 ^fS^ife-Cfo 
5m2ro^NVuxu-1f3t6cD^3MSl4, i^tOipl-^ 
1 (Oy</i^:^ u—fit 2 <J)it^^<D 2 SI-H:^i-5fc*, 
^ 2 ©/nVu;^ u— if 6 ©*3figro^ftm5gl4, a 4 Ic 
^1- J; 9 ic, 1 0 Altfiu©^ 1 <D/-?/w;^ 

1/— !f*2(D3t3S^O«fid*-^p$iTfci6J^i:/j:5. ^ 
ro^*, ^2tD/</i';^U'— tf3t6iO/-«/u;^^r^ig|4, ^ 

1 u— »f3t 2 ©/■«/i';^^WIilcJt:'<®v\ * 
fc, ^ 2 ro^-</i';^. u—if 3t 6 og;k:7t^S 14^ i O/Vw 
:^u-if3t2(Dft:*:7t^ft|c:>ft(£:i--5fcfe, ^2(D/-;yv 
^ u— if )t 6 14, 1 co/NyWy^ u-if 3t 2 Ohij 
¥l-<a!Si-5. r(D||l£(DJ^«||c:t5^^Tl4, 

mf- 1 0 AltHuiT)^ 1 o^nVu;^ u-'>f^(0^m.±^i^ 7 
OnsS^ (02#M) T-ab5<oic:>(tL, ®2W/-^Vu;^ 
U— •f3t6«Oii£fit^l42 0n sgg (04#BS) 

[0 0 2 4] rK)|l^£(DJg^ilct3v^T^4, Biro/NVu;^ 
^-1f5t2<oi 0%@S5r, ^2ro/^/i';^i'— ifjtS'^ 
^tft LTV^S. ^ 1 l^—- Ifjt 2 2 «)>'nVw 

;^ if 5t 6 '^ro^^fij^tt, ft5fc u > X 1 1 (omM.Se. 

«)tu>x 1 1 (omM^^m^mir^it^^^ r t 

ic J: •) , ^i^jgjt^^-?^ 1 0 l;i>^f-t-5m 1 <o^<ji^:^ u- 
■fit 2 OA^^^a^^fk-f SOT-, ^ 1 u-if 
5t 2 A> f>m 2 ro/</u;^ i^-- !f 3t 6 '^W'XmtJ-a-ispS $ 

[0 0 25] r «O^§g0?||JSro?g^(C^,5 U—if T=- 

^'^^(OimM^ 9 ±lc43lt 5SB 1 (O^nVw;^ w— If it 

2 m 2 ro/^/l-;^ U'— !f Jt 6 <omMW$.X'hi \f—J=.y< 
^:/^ia5lc^1-, BiciJVT, 0^, I4|g 1 ro-'>Vw^ 

U— if^troSltS^ (f-A/N-^» 3 5 A?, ^2(7)^? 
/W^ U— if 3t 6 ro.reit®^ ( t'- » 3 6 i •} 



7 

< . H 2 ny<i\'7^ \y~^%<r>mM^^ 3 6 1 

[0 02 6] is 2 <D^-?/UX if )t 6 ft. ^1 (0''<-)V7. 

f 3t 2 w 2 f&«SiST-*> 0 . is 1 (r>^<n'7. u-if it 

•Cj^LfcUl w— 1f3t2tJj;U^^2©/</w;^.w 

— !f3fe6(0.^.lt^igc »4SaiC#5::t 

^JtSfeiRSas^Si-S, :i<75fc«). m2«>/-?/w;^u- 
If it 6 (0»itfi:Sl^MHB|t^lsf 9 ?:B^gi-ixtf , wm 
«r4 9 l4!£i.^6f)|cB 1 <n>^<iv:^ i — if 3t 2 <r>%%>m.-b^ 
e.-f ^^v tS,^.ltf*i|sf 9 ±T'(0^ 1 <n/<)\^7. i^-if it 6 <o 

J; p ic^ 1 (TJ/nVw;:?. U'-if it 2 ro.BB.It®^ 3 5 p%mc. 
% 2 (7)/<;u-;^ u—if it 6 <r>m^^^ 3 6 ^45^)^0 TJgfiK 

[0 0 2 7] il67!iS8»4, ;iro^?q<ollJS(OJgSl3:'^ 
5 w— if T— — /wS^B<^^ 1 (r>/<iv:^ u— ifit 2 foSv^ 
14^ 2 ©/nVu;^ w— if it 6 $r.S« Lfc^fiaWK^+T-feS 

Lfc^^^^i-i5^7 7T'fc5„ 0 6 (i^^ff^it^^^ 1 

0 iiii^om 1 ro/Nyw>^ u— if it 2 nh-^WS'M^^ 9 
El 7 l±m 2 (T)/-?/!';^ u-if it 6 (r)h-%:Wi3M¥^ 9 l-M 
m ifit2 t^2W/<yi':^u— ifite 

ttMl^^^s^9^c!^gltLfcig©ffiSiltlim9<D 

14. B 1 i^-if it 2 *5 i t/B 2 (D^^/u;^ u— if 

itSttfblJil^-itte^iJhL. *i!SJgit^^^i 0*»e> 
^BBItPt^s^ 9 ^m.i>tzlf). m^irMM: L^mii^^ 9 Iw 
.^-W-fS^to^ 1 (O^^/P;^ u-if it 2 t S 2 <D/<ju:^ u 

fg 2 o>'</u;^ if it 6 ^^fe^ro^ 1 u — if it 
2 i:B2 (7?/<yu;^ u-ifitco^-< 5 V:/*sj^j^$}x5. 
S^oT. 03t3J:I/a4T-^LfcJ:5t. 2 
0ns 1 OxnVWX W-if it 2 oM^litC. it^lt^ 

♦i 2 0 n s 2 ©/^/u;^ if it 6 ^s^raWKiffi 

[002 8] ^1 O/^yW;^ 1^— if it 2 OiffiS 5 l 5 n m 
ictj It 5 SEKItim 9 T' 5 T ^-/u 7 r -> y => 
IR^,^I4, 1. OXlo" cm" gg. S2<0/^yi'^ 
U-if it 6 (OigEft 2 5 8 n mJCtJIt iiJ,^ltKff 9 T'$> 
5T^/t'7T:^v'!; 1. oxio' 

cm"' SgT\ r^/W7r:^->y ^X-iti-SKiRff. 
ISJ4. m2roxs:yuy^u— tfito:^i65i^fT:>:#v\ 
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%6(r>-K%^\i. S^flgWim9-Cfe5T^/i'7r-^->y 

^y^-CKitX^tiStotlt-i, ^ 1 (O^-vVux u-if it 2 
;6ST^/i'7 r^^-y^}^ >]^Jwt5V^TtSilx$n'5S'l-a-l4'> 

1 0 0 2 9 1 0 6 ic^-r i o\z, ^1 i^— if it 

10 ^2ro/NVu;^u— if3t6(7);z^^BB#tLfc^-g-lci4. 

t>, 30~40ns m§l<r>Wi. H^.)fi6l<o— fea 
S?-JiJ^Lfc^. «'>lcfeU.-CV>5, m2W^<7i';^u- 
ifit6l4. r-^/i'^r^v-y ='>'lc*f-t-5SJKff.^;65:^c 
# v>fc>:), S 2 ro/-?yu;^ if it 6 i:WMMW^ 9 
It Lfc^. ^ 2 (7)^</i^;x u— if it 6 ©RSIt®« 3 6 1*91;: 

^2W/^V^>^^'-ifit6ro^^rK.|^LfcEg. ®^ia€^-e 

20 file J: it, (7) T-& 5. iS:, 0 8lc*-f-J;5l-. ^lO 
/nVW;^ U-if it 2 t ^ 2 W U— if it 6 ^JtM LT.BSIt L 
fcS^lc»4. Si,#.3£BlT-©-SiaMJf8citrBl;6^ ^2© 
/nVw;^ v-if it 6 <Dh-i:mk\\.tcm^\z.Vt-<±m\zmM 

1 5 0 n sggwrp^. m^'&.mffi^mmn^it 

5. rix»4/</u;^^r^i|iirofiv^^ i o^^/w;^ u-ifit2 

-if it 6 i:fcS!i<oScjfe;JSSlb*fi<jfctt«$ixfc 

1 0 0 3 0 1 ^ii! LfcT^yi'^ T '> y =" ^©(4. ^<r> 
30 itjfetttJcJgHlrMJfel-S. r<olSS, u-ifitfiSItT' 

w(7>fc«), w-ifitRg|t»rJ;!3i§ilLfc7* 

T ;^ •> y w -> y = l 

y ^^'TJ^jSLfc h7Vv';^:?l4. 7^/W7r;^->y = 
v-e5gritLfcfc<ot::tt:'<ftf^3Sg-6S^U<»v\ ->y3 

f- 7 y T'^F n < 9 «^ ^ii)a»4i^ < /i 5. 

40 tSoT. ilil^«^^i!ieSrWi-55Ky->y 3V|g«rJg^ 
1-5fcfeici4. u-ifitRB|tJe i S^Sff^Smf^lS 

[0 03 1] ->y 3>'^S€ii4. r*yu77^->y = 

Kisftjilitiaa Si^gtiiJc J; 5 y =» vig^ffasig 

S&i4+^icejtfti-5rt*s-e#-f, 7}?y -^y riv't'w 

50 /Ky ->y 3:^KSr}gfig-r5fci6WfiS/i^i:/f5, 
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[0 0 3 2] S^BBW^$f9T'*>'5T*>'l'7r;^-> 

[003 31 ::<^mte<o}gtel-iJ:tt»f, S^,W^^9 ic 

!f5t6^Bg,|ti-.5r iriciij. ^Sfiglt^i^gT-fo 10 
5T^/W7 7;^v'y =>V^-fiJcS;^ST-JPfSiL, S2 

i&mkiumzMLmM-rh(Dx\ g2ro/</w;^u- 

-r5fc6lciiJ«f!B.|tfit^^9rttc|g*Lfcll!iroiti&Sr. IB 

1 (r)-'</i^:^ u— tf it 2 ic J; t) 1S[HB.St«i|£f 9 rtCi^* Lfc 

2 0 0 cm/V«±C0iSt/^l;^-^SlSSr^-t-5;3^y 20 

If it 2 i . «^«t»cS[SSrW-r 5^ 2 u- 
1f * 6 Sr. as LXWiBttinn 9 icrait it^.ifi^o 
iaS-^»JF^«3SftSria5«^. |g 1 <0/-;/ux u— If 3t 
2 tB2ro/<>'u;^ !f3t6 wra.|t^^ 5 y^^tcio 

1 O/nVp;^ u-if 3t 2 t ® 2 (D/n'/wx u— tf )t 6 Sr-tix 

10 0 3 5] L.A»L/iiJ5P>. noHliferojlgfitCintf, 
pr^HElcfeftSrWi-smi u— tf3t2f::SftL. 
#llJ^^t^*^ 1 0 ^ffl|/^TS^fi^gi^^feL§^?^7t*IS 

4 $ -ItT^ 2 U— !f 3t 6tL X^mi-i>(DX\ 
^ 1 (Oz-J/u;^ I — If ^ 2 t ^ 2 (D/^/i^;^ if 3t 6 (D^ 

2 U-if 3t 6 1±. ^iSJgJt^^^- 1 0 {rioV>T 
^ 1 OxsVu;^ V— »f 5t 2 t lltt±ti^4L, B 1 «>^-«>'i' 

^^i'— tf3fc2*5j:v^2©^</uxw— ifjtedJp— 3tK 40 

Sr:«- L . #||?g3t^«^ 1 0 h^«3Mm.n 9 i XBm 

^fi6(Dx\ mmmmmm^w-f^ ^tfj:< ^m^un 

9 ±X'<of^ 1 «^<yi';^ u— if 3t 2 t ^ 2 (r)y<yU7. u— if 
3t 6 ©BBjif ^ * :^^^^(c-jtlc«or 1 3iST'# 5. 

[0 0 3 6] itz. r<0||^g<75}f$SlCt3V^T^±. ^2K> 
u-if^t 2 LT 2fgiS 

SI«|g*Sr¥iJfflt-CV^5. r<0 2miSfiSilS4r±ftfla« 
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[0 0 3 71 ifc. ^2K>^^/u;^u-if jteii^Hjgjt 
1 0 |c4o^^T^ 1 (Dy<;\^:^ u—if 5t 2 t |^$ft±lc 
IS^L. #fi|^?gJt#S^ 1 0A»bS[Mlt^iisf9 4T-|^- 

X't£<. f^l (r)/<)V7. v—f% 2bW>2 O/^/u;^ U'— if 

[0 0 3 81 i^lt. r©lli6«Jg||ctiv^•t»i> 0 

^ Lfc i 9 l-x ^mitinn 9 ±ro^ 1 if 5t 

2 roSWM^ 3 5 IC, ^2 (/)/</P;^ I — if3t 6 rofiBIt 

i\,7. U'-if 3t 6 roJB.W^^ 3 6 ^l^\Z.t>tz. ►) . ^ 1 <7)x< 
)V7. u-if ^ 2 J; o Tfl!iroS!iji;65a*6?) ^ 

< ^-^t/K y -> y =- >'KSr. m 2 (T^/nVi-x u 
-if 3t 2 rofiglt®«E 3 6 -^mz-m^-t^ r t AS-Ct 5. 
[0 0 3 91 *fc. il^(/5Jfe^:tf7>^^5^^ro7fc^«- 

JfflSf^O^<C5 2oei±<Dfl-f^Sra;^^t,^Xu:^ 

wW^iS©j^te{;i^i-J: pfc, B 1 <^^•'/^x i^— if 
% 2 roBBJt®*^ 3 5 rtSPJd, ^ 2 w^^/p;^ u—if^t 6 (D 

9 ±lc:Sg 2 d^/^iVT. u-if ^ 6 (0^3t;&;65fi:a-t-5 i 5 
ttfiSWiW 9 (O&gSrPSi-ntf , m 1 W/nVw;^ u-if 
)t2H:. S^fi?.lt«^S^9±tllM'i5C^ST-«3t$tl-5fc 
LT^ 1 O/nVux U— if* 2 (D,^.lt®^3 5 
tt® 2 ©/nVI';^ I — if 3t 6 <r>m^^^ 3 6 |cjt'<j£ < tt 
5. Sif^^^^i';^!— if3t2oaB|tm^rtgp(c:, ^2© 

U—if 3t 6 tDHB.|tgJ$AS^gi-5 J; 5 (c/j; 5^ 

»J;5I-. ^l»^•^>'^x^— if3t2«&re|t^9jtro 
figWS^E 3 5 rortSSir. 5^ 2 o^nVu^^ u- 

if 6 ©ra,lt€i« 3 6 ^ES-f-?. r t i ij , %imM 

[0 0 4 01 r©j|ig<DJg^i(Ct^l^T(4. ^figW«^9 
tcT^/up'r^^v-y ='>-iSrfi6fflL. w-if3tfia«lc:J;5 
SStff^^^bT-d^y ->y ^■i'l^^rJi^lSi-SWfigSr^Lfc 
*v »B3|t^^Ef9l±r*/i'7r;^->y 3:^jcffi5toT- 
l4/i<. 0«l^if I TOMT-fcoTt> J;<. row-if- 
7--/i'SieSr I TOIg<OgilSi^faftlcJ;5^att(6l 

[0 04 11 Si ro^-5/uxu-if3t2iciti-5m 
2 (0^>Vi';^ u— if 3t 6 oa};^SiJ^li. g 1 (r>^<)V7. u— 
if 3fc 2 t m 2 (7)/</u;^ u-if it 6 icJti-SS^SW^*^ 9 
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%^%=i- 1 0 lc*t-r 5^ 1 n^^iVT. U— If 3t 2 ©Alt^ 
fc. *^Jf^5t^^^ 1 0 ^«>S 1 u— »f ?t 2 (D 

[0 0 4 2] *-jS5(03ts!s^fflv^T. s?s,l^^^s^9ro 
jfe^:^c5^fessltl^^s^9«>alill^!lK^^^T^-^fc, rron 

^ 1 <o^<)\^7. u— <f 3t 2 i: ^ 2 ©>'^/i';^ u— 

[0 04 3] mM<r>j^m2. |19(±, r(7)^e^i::#.5^ 

— 1f 1 0 l(D*fiS;Sr^i->^Dy^|2T-fc5o 30 
gPiSft^^SSi^U'— if 1 0 1 li. ^<>'i';^ i^-if^tjUi 

i:l^«T?ifot), Hffiroj^ffii ifiSi-SSiJ 

Tt^So S^t'-if^Si 5Sr®fii-5fc*Wij^^^*:^' 
5. ^Nlfrl— -if 1 6{CioTlB[|je$nfc@«^U— IfgE 40 
1 514. jE*l4l 0 6 4 nmK>iff#^^ICfe5S*ft 

y^l 8iS!8»tbtLTV^5„ Sf^^Ru-lf 1 5*iit/ 
0 iM2SPjgS[r»aiL5 7-2 2i5^l+blxTV''5o 

ifc, rom2ieigi««t»)aiL$7-2 2 t?g2wjigsij 

m^i 9imffhixx\.^i, rom2i^iiiBE«^ffl*i» 50 
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(KTiOPO. , y vSf^^^-g^y >>A) ^SSrffi 
fflLT*5'5. jSfil 0 6 4 nmOjtlrAltLfcK, 2^ 

nri^i, t*oT, ^2i^f|J6©Seilx 5 3 2nm© 

^m^t'iSo ^tz. llfcl4^LT^^^fV^^5^2ftp& 

S^a;i5^»tb4x-CV^?). *fc, ^ 1 wSSSiS? 7- 2 0 
Sr-SStL. ^2roSiia55 7-2 l^teSSSt L^:*MS 

iKKv— -If 1 5, «2i^8lgifH)mt5 7-2 2 5:*i- 
5o m2S5P«5S±ffl*ilil3g3t^^^l 9 

fi^^#i^Sr«fi£Urv>5. ^iro<ffigl55 7-2 0»4. 

1 0 6 4 n m<^S*jK l^-if 3t 1 7 izM 
fir $-fr5±EM=-x^i^^'ASiS$ttTv^5. ^2<7) 
sffigp^y— 2 Itti^ftl 0 6 4 nm(DS*:^U-if)tl 
7i:&A5 3 2nm(Om2i«|lStOM#|c:*fl,^SIt 
trSr$*5^lt3-xwi^^^dsiS$ixTi^5, ^2 
i«Wj|6©'9mL5 7-2 2J4Jttt5rK'3ftlf. ^2iS5W 
jKtr*S|g^la5l-Slt> tHi-fcfeSft 1 0 6 4 nmWS;*: 
^I'-lfJfel 7»CStLT«±SltL. &ft5 3 2m©^ 
2 ffipiSlc^^ LT«±3ja i: 45 i p 2 fift 3 -X -f 
V^;5?iS$HTV^5<. ^2i«SSSK0aiL5 7-2 2^ 
StE^T^ ^2SiSSE3l±ffl^ifilJ^5t^^^ 1 9 ts-Mm 
ro^glCfi, m2iSPiS©t>aiU5 7-2 2d»f>Sti7ai 
$ttfcM2iam(75itff*l6]^tff •? ftif ftif 5 7 
-2 3;6S^»te>lxTV^5<. rtSPiKft'S^SSi*: W— tf 1 
0 1 W-y— ;^ 2 4 Jell. ^ 2 Mmf^tfti:^ *) ffi-t t'— A 
^l9mL^2 5A5^ttbtl.TV>5o Q;^-r y^l 8T? 

[0 0 4 4] J5c»i!!if^lrtftW1-5o *-f, ^mi^u—f 

!iT\ Q;^'f y^l 8lcJ:5Jta*l:«r«tiilc{£T$-Br 
Sglwj8S{55 7-2 0fcm2<r)«eB5 7-2 llcj;?)* 
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1 0 0 4 5 1 r roSig(Off^^|;l*;v^T^±. *lilfrtt;i|| 

2 i§^SEl§^ffll^«|^5t!¥^^ 1 9 ^IBfi 1 
ro!ffia55 7-2 0 tm2com5 7-{;ii:oTS*&u 

ffl*ll»3lc^^-? 1 S-^AIt^-arirtAS-Cta. ^2 

7>ism2ii;BSiS'-^m$H5fj-g-(±. 

S^iSu— !f3tl 7(D3t3^g0 2ft|Ctfc^J-f-5. roH 

1^*1 7^m2igPS[|g^ffl^igff^*^^i^l 9 
AW $ -fr?^* J: < m 2 iSiPS[7fe^|g4 $ -B: 5 r t ;ai T- 

a Lfcm 2 ftPiSSl 9 aj t $ 7- 2 2 *^^*gg^g|5lw 
I5l'9tti$n2), *«SSrUiltLfc^2;SpjSl4. ^Oft 
If ^7-2 3»c:J;>jitf7:*f6]Sr^t)fttf bix. tf-A^ 
5HiL^,2 5 J:»7'ir-:^2 4 0^gi5'^m!W1-5. -Jr-X 
2 4 (n^l-giS'-mW Lfc«Tm^l-&ft 2 iSHfe 

^^^^ 1 0 J' h (On&iK 5 3 2 n m(7?3t^A 
WLfclg, 2fiS;l5SS«384l*lcfiffiS^*#dSSIfc$ix 

[0 04 61 r(Dj|^Sw^Bfil;lt^v^Tl4. Hl*:^— ifiSE 

1 7«r. ^2iiPKJ|gfeffl*ilJg3t^^^l 9{zi:t)m 
filf strife •5I««lcfi5^^ri--5m2iSif|«trlSfe 

^lco/</!^;<.U'-if3t2i:LTT=-!;>-^(cffi 
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aii: \^xm\^X\^iz.r)\'^^.yv—f%<r>ij7.\>'—^h\t 

5rtzJ5-r-#S„ ifr. -!>^t^]t'<^*<J;<Bl 
(D^</w;;^U-if)t2Sr«^^-a:5r i:ii5-X?#5(^T\ T 

[oo4ri ^tjid, ni&mmiX'^LtzTji'^'i^u 

h <0{g:J^ ^ 5 r t ^16 rf t) T- < , ft » tc fc) 

[0 0 4 8] z(7)mt&(r>mmcis\,^x\±. mi^^—fm 

:^s;^7A-i'^>«rK-7'LfcYLF (L i YF4 ) ifefa 
^^m-tinli. &*1 0 4 7 nmfc5V>ttl 0 5 2 nm 

X'fj:<. ^Bmii(Om^ii^YAGm^X^h&\,^(DX\ 
Q^-f 1 8 T-S*& if?t 1 7 

30 B{^U— rjSlfCl 514. rrr-sSLySiYAGiefB. Y 

[0 0 4 91 Sfc. r(0|IIg®J^flilr*5V>TI4. *SS 
7trSlDffiUfcS'g-T-t. S^fti'— !f3tl 7(0)tSiS 

T=-y :^^lc:fiEfflL-CtJ;t\ *SS^SBlc|S2iS^ 

^?t>«CfSj±L, T--y >^(OiPaW»l#*S^F?>|CfBi*|C 
[0 0 5 01 r^D||^£<7)JgtelC^5^^TI±. iji^ft: 

50 ejtJUtLTftfflUfc^B-. ft«m«tt<oa^,T-^^«: 
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[0 0 5 11 :i<ommmm\^is\,^xn. mi^i — 

K 1 5 2 mm&^f^ 1 V'-lf it 2 t LX& 

^:?J-J|clcjS*^W-t-5^ 2 ©y^V^;^ u— !f Jt 6 =lr^^ $ 
;^ l^— rjt 6 <D3I±#® tt. 2 f&;iIII&IB±»C|85 i (O 

!f jSER 1 5 roS^fi w— Tit 1 7 t m 1 <7)^^V^;^ u 
— !f3t2T-*)5m2iail&Sr. *Jg?g3t#^^ 1 0 Idl^ 

u—iftftn 3 f&SH&SrM 2 (7)/>Vv>^ u—ftft 6 

-■ ifiti 7(DS2Ssa«»2«;g;p!«t. ep*,. s;*:*?^ 20 

— 1f 3t no4 mMm^i:^ 2 ©/•'/i';^ v-if 3t 6 i: L 

[0 0 5 2] mm(DMm i i nwMmm 2 ic^v >t 

5. 30 
[0 0 5 3] 

^ -rsH 2 w^-?/!';^ !f jtS:^ 1 ©/-^/u;?^ w— 1f 3t i: 
l^*6±lJ:aa^5*TmSt-f5^2/</i';«.v— !f3t«±^ 

nt5tf«»!3T/i<» ||l©^</t^;^u— »f3till2©/^/i' 

5. $P>«c, ^io/nVw;^!^— ^f3t^:SB2©^^V^:x^— 
if3fe^03^£tt-g•h.^i5TMT•fe-5fcie). 3t!SPS^;':^x 

[0 0 5 4] ifc, rro^WiCiixtf, S2/nVI'>^U- 
ifit^^#Si5. ^ 1 u-lf3tro 2flSii5^«Sr 
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nx\ u—fT~-ji^m<Dm^=^:^h(Di&mi:m^z 

[0 0 5 51 ttz. :L(D^mici:ixti^ |giX/u:7.u- 

u— tJ=3tt LT^2iSP&^%^i-5@^u- 
■»fTfo5©-e. ^l<D>'-?/l'y^U-Hf)tSr«4i-5/c:«)© 

JtilcO/hSlb^ria 9.^1 (D^</i-:^ I— if itSriS)* J: < 

[0 0 5 61 ifc. rro^KicitiHf. ^i/<yw;^u— 

1f Tt^^^Sii^ ^ 1 u— y-'3t t LTH 2 ftH 

[0 0 5 71 r(7>^B^tcj;nrf. ^ i <o/</i';^ V' 

-1fJt|g±^Sd5. miro^-«/i'^U'-1f3ti:UTM2ffi 
WStSr^^i-SQ^^-f s/^tci •J^^•/^^{k$i^fcHf^:^' 
^l<0^<y^:^u-^tlttLX^m-ti)fS2mm 

1 ff)y</u^ u-if 3t^^S*^m-r 5 r t J; "5 ^^-fs 
H 2 (7)/nVp;^ if >tH, ^ 1 !f jtcDsuSP 

[0 0 5 81 $fc. ^<0?tm\CXtlti. m^^tltcf^l 

WS^is^ 2 w^^yu;^ !f 5troffi|ttl*S J: !9 1£< . ^ 

2 (D/nVp;^ w— if^trofigft^^Hx ^ 1 n^^A'T. u— If 

W, 1 »^<yu;^ i^-- if JtlcioTifiroftjtdijafiWlcltfll 
m2 0^<yu;^3t©BB.jH^Jgi^«c|ci3/c9, iS-i6» 

1f3fe<OBB|tMJ|E«:<ail$-fr5rfcl±, feTSLSrlSLTV^ 

[®Swfifi*/ilftWl 

[0il ::<D^Mwlli6ro3gl6ilc«5u— fT^- 
[0 21 :L<nw^<r)W^nm&\\^'^^\y—fT-- 
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^^ilScDg^Bgl^Ki|s^±^c4o^t5^ 1 u— -tfjfei: 10 

[H 6 1 :L<n%m<nmm<Dmm 1 1«5 u-if r-- 

■efc5. *20 



[08] rw^Mwui^rojg^inci^s^— »>-'T=- 

[0 9] r(D«l^ro|llig©}^li2lC#,5 !fT=- 
[0 1 0 1 sejR® i'— !f T=-/u^S<73«j5S;^^-r:/ 

[^^-f-<o!jiP^] 

1 y</u:x.u—ff^m. 2 ml<0/^V^;^l. — -ifjt. 6 
m2<o^<yw;;^u— 8 *)tfi5lt3t^^^. 9 ^ 

m^nn. 1 0 t^mm^ni-. 1 5 ^fg^ 

Sf. 1 7 S*jgEU-if3t. 18 QX^-;/f^, 19 
^2ii5fgiS^^ffl^^}g3t^5l?^, 2 0 ^IWffiSB? 
7-, 2 1 B2(7)«SU?y-, 3 5 Sg 1 ©y>VW>^ 
•!f3t<OK|t®% (K'-A/N-^:^) , 3 6 m2<0^<;uy^ 
U— !f3t«,^,lt®*a (t'-AX^>') ,10 1 rtgpiK 
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